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DESCRIPTION 
A COMMUNICATION CONTROL METHOD AND WIRELESS 
COMMUNICATION APPARATUS 

5 TECHNICAL FIELD 

This invention relates to a network system in 
which it is possible for a wireless communication 
apparatus (a mobile station) to communicate in a 
communication mode with the intermediary of a master 

10 station (base station) and a communication mode 

without the intermediary of a master station (base 
station). More particularly, the invention relates to 
a network system in which a digital camera and a 
printer, for example, are connected by a wireless LAN 

15 system, which is compliant with IEEE 802.11, having 
different network configurations, namely ain 
infrastructure mode and an ad-hoc mode. 

BACKGROUND ART 

20 A communication method that provides a first 

communication mode (infrastructure mode), in which 
wireless communication is performed between terminals 
via a master station, and a second communication mode 
(ad-hoc mode), in which data is sent and received 

25 directly between terminals, is defined by the IEEE 
802.11 standard. 

In the IEEE 802.11 standard, the frequency band 
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utilized in communication is divided into 14 channels 
to thereby define a plurality of channels. Wireless 
communication terminals that utilize a common channel 
are capable of communicating with each other. An SSID 
5 (Service Set ID), which is an identifier for 

identifying the network, is specified. All wireless 
communication terminals retain a predetermined SSID 
and thus can identify the network. 

A coramxinication terminal that performs wireless 

10 communication in accordance with IEEE 802.11 (this 
terminal will be referred to simply as a "wireless 
communication terminal" below) transmits a beacon 
frame at prescribed timing. The beacon frame includes 
a channel ID that indicates the channel currently 

15 operating, the SSID of the network to which the 

apparatus belongs, and the communication mode. By 
passive or active scanning, a wireless communication 
terminal finds a wireless communication teirminal with 
which it is to communicate. In passive scanning, for 

20 example, a beacon frame that includes an SSID 

identical with the terminal's own SSID is searched for 
by scanning the radio signal of each channel. A 
wireless communication terminal that has received the 
applicable beacon frame decides upon the channel that 

25 corresponds to the channel identifier contained in 

this beacon frame, or the channel that received this 
beacon frame, as the channel used in its own 
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communication. 

In active scanning, on the other hand, a wireless 
communication terminal broadcasts a frame, which is 
referred to as a "probe request", on each channel. In 
5 response, another wireless communication terminal that 
has received the probe request transmits a frame, 
which is referred to as a "probe response", to the 
wireless communication terminal that is the source of 
the probe request. The probe response includes the ID 

10 of the channel currently operating on the wireless 

communication terminal, the SSID and the communication 
mode. The wireless communication terminal that has 
received the probe response decides upon the channel 
that corresponds to the channel identifier contained 

15 in the probe response included in the SSID identical 
with that of this wireless communication terminal, or 
the channel that received the probe response, as the 
channel used in its own communication. 

An autonomous distributed coordination method 

20 referred to as CSMA/CA and a centralized control 

method referred to as polling have been specified as 
access control methods in the infrastructure mode 
according to IEEE 802.11. On the other hand, in the 
ad-hoc mode, the access control method is such that 

25 only the autonomous distributed coordination method is 
specified. Owing to distributed control in the ad-hoc 
mode, data is sent and received directly between 
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terminals. Among all terminals participating in 
communication at beacon transmission time decided by 
the beacon interval, at least one terminal transmits a 
beacon frame in the ad-hoc mode. 
5 In the ad-hoc mode, a communication link is 

established between terminals if the channels used in 
communication between the terminal become the same, 
without the sending and receiving of an authentication 
frame and without the sending and receiving of an 

10 association request / association response. 

Many methods of switching between the 
infrastructure mode and ad-hoc mode have been proposed 
heretofore. A method of changing over the mode when 
the processing capability of an access point no longer 

15 has any leeway is described in the specification of 
Japanese Patent Application Laid-Open No. 08-307934- 
The specification of Japanese Patent Application Laid- 
Open No. 11-252114 describes a method in which each 
station (wireless coiranunication teinninal) retains a 

20 list of stations capable of transferring data in the 

ad-hoc mode, with data being transmitted in the ad-hoc 
to stations in the list and in the infrastructure mode 
to stations not in the list. A method of changing 
over the access point depending upon the data rate of 

25 a mobile terminal is. described in the specification of 
Japanese Patent Application Laid-Open No. 2000-209234. 
A method of changing over the access point in 
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accordance with load Information contained In a beacon 
Is described In the specification of Japanese Patent 
Application Laid-Open No. 2001-298467. A method of 
changing over mode using the average frame size of a 
5 data frame as a trigger is described in the 

specification of Japanese Patent Application Laid-Open 
No. 2003-198564. A method of monitoring data 
reception in both communication modes and performing 
communication in the mode in which data was received 

10 is described in the specification of Japanese Patent 
Application Laid-Open No. 2002-199461. 

Further, a method of changing an interval at 
which beacon scanning is performed has been proposed 
as a method of searching efficiently for a terminal to 

15 which a connection is to be made (see the 

specification of Japanese Patent Application Laid-Open 
No. 10-084572). However, this specification makes no 
mention of changeover of the communication mode. 

In order for a user of a wireless communication 

20 terminal compliant with IEEE 802.11 to connect this 
terminal to the Internet, the access point is 
connected to the Internet in advance. The wireless 
communication terminal is connected to the network in 
the infrastructure mode. 

25 In a network of this kind, a first wireless 

communication terminal that belongs to the same 
network (same service set) attempts to transmit data 
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to a second wireless communication terminal that is 
performing communication in tlie infrastructure mode. 
In this case, the access point receives the data from 
the first wireless communication terminal temporarily 
5 and re-transmits it to the second wireless 

communication terminal. As a consequence, the sending 
and receiving of data takes time. Since both the 
first wireless communication tejnhinal and the second 
wireless communication terminal can be connected to 

10 the Internet via access points, sufficient security 
measures must be taken with regard to illegal 
penetration from the Internet and leakage of 
information to the Internet. 

Accordingly, performing communication upon 

15 changing over to the ad-hoc mode by a method of the 

kind illustrated in the prior art even in a case where 
communication is being performed in the infrastructure 
mode has been considered. 

However, even if data can be sent and received in 

20 a link layer, the sending and receiving of meaningful 
data cannot be performed upon changing over the 
communication mode from the infrastructure mode to the 
ad-hoc mode unless there is data interchangeability 
with higher layers, namely the IP layer, transport 

25 layer or application layer. 

DISCLOSURE OF INVENTION 
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An object of the present invention is to provide 
a communication control method, as well as a wireless' 
communication apparatus for implementing this method, 
whereby even if a wireless communication apparatus is 
5 a wireless communication apparatus that does not 
possess a sophisticated communication security 
function, communication can be carried out upon 
changing over the communication mode in conformity 
with the functions of the communicating party, and 
10 whereby it is possible to perform data communication 
that assures compatibility with the data in a higher 
layer . 

According to the present invention, the foregoing 
object is attained by providing a communication 

15 control method for controlling communication between 

wireless communication apparatuses that are capable of 
communicating wirelessly in a first communication mode 
in which communication is performed via a base station 
and a second communication mode in which communication 

20 is performed with a wireless communication apparatus 
directly, wherein if, during communication by a first 
wireless communication apparatus in the first 
communication mode, the first wireless communication 
apparatus receives a signal from a second wireless 

25 communication apparatus giving notification of the 
existence of the second wireless communication 
apparatus, the first wireless communication apparatus 
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is connected to the second wireless communication 
apparatus utilizing infoDcmation such as a network 
identifier contained in the signal received. Between 
the first wireless communication apparatus and the 
5 second wireless communication appeiratus, it is 

determined whether a function desired by at least the 
second wireless communication apparatus is possessed 
by the first wireless communication apparatus. If the 
first wireless communication apparatus possesses the 

10 desired function, then data is transmitted from the 
second wireless communication apparatus to the first 
wireless communication apparatus. 

In accordance with the present invention, it is 
possible to change over the communication mode 

15 depending upon the function possessed by the 

communicating party, and it is possible to perform 
high-speed, safe data communication with another 
wireless communication apparatus having compatibility. 
Other features and advantages of the present 

20 invention will be apparent from the following 

description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
thereof . 



BRIEF DESCRIPTION OF DRAWINGS 
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The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
5 of the invention. 

Fig. 1 is a schematic view for describing the 
configuration of a system applicable to the present 
invention; 

Fig. 2 is a block diagram illustrating the 
10 structure of one example of a printer equipped with a 
communication according to the present invention; 

Fig. 3 is a block diagram illustrating the 
structure of one example of a digital camera equipped 
with a communication function according to the present 
15 invention; 

Fig- 4 is a flowchart illustrating one example of 
operation of a printer equipped with a communication 
function according to the present invention; 

Fig. 5 is schematic diagram illustrating one 
20 example of a table held by a printer equipped with a 
communication function according to the present 
invention; 

Fig. 6 is a flowchart illustrating one example of 
operation of a digital camera equipped with a 
25 communication function according to the present 
invention; 
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Fig. 7 is a flowcheirt illustrating another 
example of operation of a digital camera equipped with 
a communication function according to the present 
invention; and 
5 Fig. 8 is a flowchart illustrating another 

example of operation of a printer equipped with a 
communication function according to the present 
invention. 



10 BEST MODE FOR CARRYING OUT THE INVENTION 

[First Embodiment] 
<System Conf iguration> 

Fig. 1 is a schematic view useful in describing 
the form of a network system to which the present 

15 invention is applied. The network system of Fig. 1 

comprises an access point 101, a personal computer 102, 
a printer 103, a digital camera 104, a wired line 105 
and the Internet 106. The access point 101, which is 
a central control apparatus in the infrastructure mode 

20 (also referred to as a "first communication mode"), 
controls the communication of each connected device 
and relays the data transmitted by each device . The . 
access point 101 is connected to the Internet 106 via 
a wired line. The personal computer 102 has a 

25 communication function for performing communication in 
the first communication mode with the Internet and 
other terminals via the access point 101. The printer 



wo 2005/101745 



- 11 - 



PCT/JP2005/007280 



103, which has a communication function, is capable of 
printing data that has been received via the access 
point in the infrastructure mode and data that has 
been transmitted from a directly connected teirolnal in 
5 the ad-hoc mode (also referred to as a "second 

communication mode"). The digital camera 104, which 
has a communication function, has a printing function 
as well for transmitting image data to the printer 103 
and causing the printer to print the image data in the 

10 ad-hoc mode. The wired line 105 is a local-area 

network connected to the access point 101. Further, a 
zone 107 represents the area in which communication in 
possible in the infrastructure mode, and a zone 108 
represents the area in which communication is possible 

15 in the ad-hoc mode. 

The access point 101, personal computer 102, 
printer 103 and digital camera 104 perform 
communication in accordance with IEEE 802.11. In 
particular, the access point 101, personal computer 

20 102 and printer 103 perform communication in the first 
communication mode, namely the infrastructure mode. 
Further, when the printing function possessed by the 
digital camera 104 is started up, the digital camera 
104 causes the communication function to start up in 

25 the second communication mode; namely the ad-hoc mode. 
Once the connection of the printer 103 to the access 
point 101 in the infrastructure mode is severed, the 
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printer 103 ±s connected to the digital camera 104 in 
the ad-hoc mode. 

The connection in the ad-hoc mode is used between 
the printer 103 and the digital camera 104, which 
5 exchange information, such as the types of data 
transmission functions each other possesses,, and 
search for a data transmission function each other 
shares. If there is a data communication function 
common to both, then the digital camera 104 performs a 

10 data transmission using this function. The printer 

103 executes printing of the data received. It should 
be noted that a function referred to here also 
includes a protocol, by way of example. A wireless 
communication terminal (a wireless communication 

15 apparatus) in this embodiment communicates in 

accordance with IEEE 802.11 with regard to a protocol 
of the physical layer or link layer, and a higher 
layer uses TCP/IP. Accordingly, the protocol that 
should be verified as being the common protocol is a 

20 protocol of the application layer, which specifies the 
format of the data that is to be printed and the 
procedure of data exchange. The printer 103 and 
digital camera 104 exchange information indicative of 
each other's functions to check whether the data 

25 format for printing and the procedure for data 

exchange are in accordance with the same protocol. In 
this embodiment, a function- search frame is 
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transmitted from one device to the other. If the side 
that has received the function-search frame can 
Interpret the frame, then this side transmits a 
response indicative of this fact back to the 
5 transmitting side. As a result, the transmitting 
side is capable of verifying that the receiving side 
has the function searched for by the function- search 
frame. The search for the function based upon the 
function -search frame can be conducted with various 

10 functions as the targets. 

Fig. 2 is a block diagram illustrating the 
structure of one example of the printer 103 equipped 
with a communication according to the present 
invention. The printer 103 in Fig. 2 has a memory 201, 

15 a printing unit 202, a wireless communication unit 203, 
an user interface 204, a controller 205 and a bus 206. 
The memory 201 is used in order to store data received 
by the wireless communication unit 203 and a function 
table 201a in which are described the SSID and 

20 communication mode, etc., contained in a beacon 

received by the wireless communication unit 203. The 
printing unit 202 expands the data, which has been 
stored in memory 201, into a printable format and 
prints the data on a printing medium such as paper. 

25 The wireless communication unit 203 sends and receives 
data in the infrastructure mode or ad-hoc mode- 
compliant with IEEE 802.11 and stores received data in 
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the memory 201. The user interface 204 comprises an 
input unit such as a keyboard for allowing the user to 
enter various settings and commands such as power 
on/off, and a display unit that notifies the user of 
5 the status of settings and the status of operation. 
The controller 205 is a central processing unit for 
coordinating and controlling these structural elements. 
The structural elements are connected by the bus 206 
so that the sending and receiving of data among the 

10 devices is achieved. It should be noted that it is 
permissible to adopt an arrangement in which the 
. transmission output of the wireless communication unit 
203 can be altered by control exercised by the 
controller 205. 

15 Fig. 3 is a block diagram illustrating one 

example of the digital camera 104 equipped with a 
communication function according to the present 
invention. The digital camera 104 has an image 
sensing unit 301 for inputting an image, a 

20 communication unit 302, a user interface 303, an 

external storage unit 304, a memory 305, a controller 
306 and a bus 307. The communication unit 302 
transmits an image and receives various information by 
performing wireless communication. The user interface 

25 303 includes an input unit such. as buttons and 

switches by which the user enters commands to the 
digital camera 104, and an output unit, which 
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comprises a finder cuid liquid crystal display screen, 
etc . , for displaying images and character information 
such as menus. The external storage unit 304 is 
constituted by a memory card such as a compact flash 
5 card for recording an image captured by the image 

sensing unit 301, and an access device for accessing 
the memory card. The memory 305 records a captured 
image temporarily before it is recorded in the 
external storage unit 304 and records temporary data 

10 such as control data. The controller 306 coordinates 
and controls these structural elements. The 
structural elements are connected by the bus 307 and 
are capable of exchanging data. Also stored in the 
memory 305 is a function table 305a, etc., in which 

15 are described an SSID and communication mode, etc. , 
contained in a beacon that has been received by the 
communication unit 302. It should be noted that it is 
permissible to adopt an arrangement in which the 
transmission output of the communication unit 302 can 

20 be altered by control exercised by the controller 306. 
<Printer Operation> 

One example of operation of the printer equipped 
with the communication function according to the 
present invention will be described with reference to 
25 the flowchart shown in Fig. 4. The processing of Fig. 
4 is executed by the controller .205 in Fig. 2. The 
printer 103 with the communication function according 
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to tliis embodiment usually operates in the 
infrastructure print mode. The infrastructure print 
mode is the operating mode of the printer in the 
infrastructure mode. The printer 103 with the 
5 communication function performs printing in a case 
where data, which has been transmitted from the 
personal computer 102 or from a terminal connected to 
the wired line 105 in Fig. 1, is received via the 
access point 101. The printer 103 conducts a search 

10 for a beacon at a prescribed period while operating in 
the infrastructure print mode. The procedure shown in 
Fig. 4 is a processing procedure for conducting a 
beacon search at the prescribed period. This 
procedure is launched using the time-out of a timer, 

15 for example, as a trigger. 

If the processing of Fig. 4 is launched upon 
elapse of the prescribed period, a beacon scan is 
performed at step 401. In the beacon search, a beacon, 
regardless of whether it is a beacon of the 

20 infrastructure mode or a beacon of the ad-hoc mode, 
becomes the object of the search irrespective of the 
communication mode on at least one channel. If it 
finds a beacon, the printer 103 stores the function 
table 201a in the memory 201. The function table 201a 

25 contains the SSID and communication mode, which are 
included in one beacon that has been found, and the 
terminal address of the beacon transmission source as 
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a set. The function table 201a Is registered with 
regard to all beacons that have been found. 

If the beacon search Is completed, control 
proceeds to step 402. Here the printer searches the 
5 function table 201a and shifts to step 403 If It finds 
a beacon of the ad-hoc mode that has been newly added 
to the function table 201a. At step 403 the printer 
103 Is connected In the ad-hoc mode to the wireless 
communication terminal transmitting the beacon. At 

10 this time the printer 103 reads from the function 

table 201a the SSID contained In the beacon from the 
wireless communication terminal (e.g., a digital 
camera) and communicates with the terminal using this 
SSID. It should be noted that when the printer is 

15 connected to the wireless communication terminal 

transmitting the beacon, information for establishing 
the connection may be saved in the memory 201 if the 
connection has been made to the network in the 
Infrastructure mode, and the connection in the 

20 infrastructure mode may be severed temporarily. By 

way of example, the channel number used by the access 
point is included as Information saved. 

If the connection succeeds at step 403, control 
proceeds to step 404, at which a function search is 

25 conducted to inquire about the functions possessed by 
the connected wireless communication terminal and 
receive notification of the function possessed by the 
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printer 103 equipped witli the communication function. 
As one example of the function search, the printer 103 
sends the wireless communication terminal of the 
communicating party a function- search request frame 
5 that contains Information representing the functions 
possessed by this printer. 

A wireless communication terminal that has 
received the function- search request frame from the 
printer 103 and. that has correctly Interpreted this 

10 frame and the information representing the functions 
of the printer 103 contained in the frame transmits a 
function- search response frame, which indicates the 
fact that interpretation could be achieved, to the 
printer 103 that transmitted the function- search 

15 request frame. In. order to Interpret information 

representing a function, a terminal having a certain 
function stores a code, which represents this function, 
in a memory or the like beforehand. If the functionr 
search frame is received, then this terminal compares 

20 the stored code representing the function with 

information representing the function contained in the 
function- search request frame and determines whether 
the two agree, thereby allowing interpretation to be 
achieved. If agreement is found, then the terminal 

25 responds on the grounds that agreement could be 

achieved* Further, a terminal that cannot Interpret 
the function -search request frame per se responds to 
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this effect or does not respond at all. In this 
embodiment, a terminal capable of Interpreting the 
function- search frame of the printer 103 and of 
responding accordingly is the digital camera 104. 
5 Upon receiving the function -search response frame, 

the printer 103 stores the result of the function 
search contained in the function- search response frame 
(the result is Information indicating whether the 
search succeeded with regard to a fixed function, this 

10 being information indicating the function possessed by 
the terminal on the receiving side) in the function 
table 201a. The result of the function search is 
stored in correspondence with the terminal address of 
the wireless communication terminal that transmitted 

15 the function- search response frame. 

Alternatively, it may be so arranged that the 
printer 103 broadcasts the function- search request 
frame and waits for the function-search response frame 
from a wireless communication terminal that has 

20 received and Interpreted the broadcast frame. In this 
case, registration in the function table 201a is 
performed in a manner similar to that described above. 

It is determined at step 405 whether the function 
search has ended and the connected wireless 

25 communication terminal has the required function. If 
it is confinned at step 405 that the terminal has the 
required function, then control proceeds to step 406. 
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Data is received in the ad-lioc mode at step 406 and 
printing of the received data is performed at step 407. 
For example, a print protocol that specifies a data 
format or message sequence for transmitting data from 
5 the digital camera 104 to the printer 103 and printing 
the data is a function necessary for the printer 103 
and digital camera 104 in order to implement printing 
in the ad-hoc print mode. 

The printer receives the data in accordance with 

10 - the print protocol at step 406 and prints the data at 
step 407. Control proceeds to step 408 at the 
completion of printing. It is detearmined at step 408 
whether print data still remains. If print data 
remains, control returns to step 406, the data is 

15 received and printing is performed. One example of a 
method of determining whether print data remains is as 
follows: If the sending and receiving of a printing- 
complete freune is contained in the message sequence of 
the print protocol, then end of printing, i.e., the 

20 fact that no print data remains, may be determined 
when the printer 103 has received the printing- 
complete frame from the digital camera 104. Further, 
if print data is not received within a prescribed 
period of time following the receipt of print data, it 

25 may be determined that no print data remains even 
though a printing -complete frame has not been not 
received. 
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If a new beacon of the ad-hoc mode cannot be 
found at step 402, or if printing is completed at step 
408, communication in the ad-hoc mode is terminated 
and the printer operates in the infrastructure mode. 
5 Further, if the function search of the wireless 

communication terminal of the other party fails at 
step 405, control returns to step 402. On the basis 
of the content of the function- search response frame 
received by the printer 103, it is determined that the 

10 function search has failed if it is confirmed that the 
connected wireless communication terminal does not 
have the required function or if the function- search 
response frame cannot be received even upon elapse of 
a prescribed period of time. In this case, control 

15 returns to step 402 and the printer 103 is connected 
to the corresponding terminal of the other party at 
step 403 using the SSID contained in the next ad-hoc- 
mode beacon that has been newly added to the function 
table 201a. A case where it has been verified that 

20 the connected wireless communication terminal does not 
have the required function based upon the content of 
the received function- search response frame signifies 
a case where the wireless communication terminal that 
has transmitted the function -search response frame can 

25 interpret the function -search frame but cannot 

interpret the information representing the function 
contained in this frame. 
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Wireless transmission outputs that differ from 
each other may be used at the time of a connection In 
the ad-hoc mode and at the time of a connection In the 
Infrastructure mode. For example, when the connection 
5 Is made In the ad-hoc mode at step 403, the wireless 
transmission output Is made smaller than that In the 
infrastructure mode. As a result, whereas it is 
possible to make a connection to a remotely Installed 
access point in the infrastructure mode, a wireless 

10 communication terminal (digital camera 104) capable of 
performing printing using the printer 103 is limited * 
to one having a comparatively short distance from the 
printer in the ad-hoc mode (i.e., one located in a 
service area reached by the radio waves ) . That is , if 

15 a service set Includes a plurality of printers, a 
printer that is closer can be used. As a result, 
contention between terminals attempting to use a 
printer can be prevented. This is useful in 
shortening processing time and in improving processing 

20 efficiency. In addition, the fact that a nearby 

printer is used is highly convenient for the user. 

Fig. 5 is a diagram illustrating an example of 
the function tables 201a, 305a. An address 501, SSID 
502, communication mode 503 and function- search result 

25 504 of a wireless communication terminal cire stored as 
a set in the function table. At step 401 in Fig. 4, 
whether the terminal address included in a found 
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beacon frame has already been registered In the 
function table Is examined. If the terminal address 
has not been registered In the function table, then 
the address Is added to the function table. When the 
5 terminal address Is added, a value Indicating 

"invalid" Is recorded as the function -search report 
with regard to a beacon of the Infrastructure mode, 
and a value indicating "unretrieved" is recorded as 
the function- search report with regard to a beacon of 

10 the ad-hoc mode. Further, even if there is a terminal 
address that has already been registered in the 
function table, the printer 103 updates the relevant 
entry with new content at step 401 in Fig. 4 if there 
is a change in the content. If the mode after 

15 updating is the ad-hoc mode, then a function search is 
conducted again using the function -search report 
concerning this terminal as the value of "unretrieved". 

A beacon Indicating an SSID for which the 
function- search result is "unretrieved" is judged to 

20 be a new beacon at step. 402 in Fig. 4. At step 403, a 
connection is made to the wireless communication 
terminal that was the transmission source of the new 
beacon. At step 405, the function -search result 504 
corresponding to the SSID 502 (or terminal address 

25 501) of the wireless communication terminal for which 
the function search has been completed is updated to a 
value indicating that the function search has been 



I 
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completed. A value Indicating "succeeded" is 
registered if the result of the search is indicative 
of success, and a value indicating "failed" is 
registered if the result of the search is indicative 
5 of failure. 

<Operation of Digital Camera> 

Fig. 6 is a flowchart illustrating an example of 
operation of the digital camera 104 equipped with a 
communication function according to the present 

10 invention. In Fig. 6, the digital camera 104 starts 
communicating in the ad-hoc mode and transmits a 
beacon frame at step 601 when the user enters a print- 
start command. The SSID of which notification is 
given by the beacon may be one that has been set by 

15 the user in advance, one that has been set statically 
in the digital camera or one that has been set by some 
other method. 

When the printer 103 is connected to the digital 
camera 104 in the ad-hoc mode at step 403 in Fig. 4, 

20 control proceeds to step 602 in Fig. 6. At this step 
the digital camera 104 conducts a function search 
similar to that at step 404 in Fig. 4. Accordingly, 
the function table 305a of Fig. 5 also is created. 
What differs, however, is that the communicating 

25 partner of the digital camera 104 is not unspecified 
but is the printer 103. 
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If the result of the function search at step 603 
Is the discovery of a printer having the function that 
Is the object of the search, the fact that processing 
succeeded is registered in the function table 305a and 
5 control proceeds to step 604. On the other hand, if a 
printer having the function that is the object of the 
search cannot be found, then control returns to step 
601 and the digital camera waits, while periodically 
transmitting a beacon, until a connection to another 

10 printer is made. 

Data is transmitted in the ad-hoc print mode at 
step 604. For example, a function that is the object 
of the search at step 602 is a printing protocol for 
transferring data from the digital camera 104 to the 

15 printer 103 and causing the printer to print the data. 
The digital camera transmits the data to the printer 
103 and causes the printer to execute printing at step 
604 in accordance with the printing protocol that the 
printer 103 has been confirmed to possess. If 

20 succeeding print data is found to exist at step 605, 

then the digital camera repeats step 604. If there is 
no succeeeding print data, then control proceeds to 
step 606. Here the digital camera terminates 
communication with the printer as by terminating 

25 communication in the ad-hoc mode. 

If a connection to the printer 103 is not 
established at step 601 even upon elapse of a 
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prescribed period of time^ the digital camera may 
notify the user interface 303 of timeout and terminate 
processing. 

Thus, the digital camera 104 and printer 103 are 
5 connected in the ad-hoc mode. Since the digital 

camera 104 transmits print data to the printer 103 in 
the ad-hoc mode, leakage of data can be prevented. 
Further, a state in which printing can be performed is 
attained merely by moving the digital camera: 104 or 

10 printer 103 into each other's service areas. This 
greatly improves convenience when an image from the 
digital camera is printed by the printer. Furthermore, 
since the camera and printer search for each other's 
functions and perform communication that is limited to 

15 the partner for which the search succeeded, 

compatibility is assured and data processing such as 
printing can be executed reliably. 

The present invention has been described with 
regard to a digital camera and printer in this 

20 embodiment. However, as long as the device has a 

wireless communication function, the present invention 
is applicable thereto. For example, if the printer is 
made a general -purpose personal computer, the digital 
camera is made a portable information processor (PDA), 

25 the print data is data to be synchronized and the data 
is transmitted, data synchronization between the 
personal computer and PDA can be achieved in simple 
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fashion. The same holds true with regard to other 
devices as well. 

[First Modification of EmboddLment ] 
The printer 103 may temporarily delete the 
5 function table 201a of Fig. 5 immediately before the 
beacon search is started at step 401 and may construct 
the function table 201a afresh. In this case, it is 
preferred that once communication in the ad-hoc mode 
has started r the printer 103 conduct a function search 

10 with regard all discovered terminals that are the 
transmission sources of beacons in the ad-hoc mode. 
The reason for this is that since the printer 103 
processes a print request from one digital camera in 
the processing path illustrated in Fig. 4, there is 

15 the possibility that there will be a wireless 

communication terminal (digital camera) for which a 
print request is not processed or a wireless 
communication teiminal (digital camera) that will be 
left standing for a prolonged period of time. 

20 Accordingly, in a case where it is determined at step 
408 in Fig. 4 that there is no succeeding data, 
control returns to step 404 and a function search is 
executed with respect to terminals for which the 
function search is "unretrieved" in the function table. 

25 Processing from step 405 onward is then executed. 

By adopting this arrangement, even if a print 
request is output repeatedly from one digital camera. 
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tlxe print request can be processed reliably. Further, 
a print request from another digital camera also can 
be processing reliably. 

[Second Modification of Embodiment] 
5 A function search is initiated at step 404 in Fig. 

4 from the printer 103 equipped with the communication 
function. On the other hand, a connection in the ad- 
hoc mode may be sensed, as by receiving a freume that 
is exchanged at the time of a connection at a teacminal 

10. connected to the printer 103, and this may se3?ve as a., 
trigger to start the function search. 

Further, instead of a beacon- frame search at step 
401, a beacon information request euid response 
sequence may be performed. In this case, the printer 

15 103 transmits a beacon- information request frame that 
requests transmission of at least an SSID and 
communication mode. A wireless communication terminal 
that has received this beacon -information request 
frame transmits a beacon-information response frame, 

20 which contains at least an SSID and communication mode, 
to the terminal (printer 103) that transmitted the 
beacon -information request frame. The printer 103 
that has received the beacon-information response 
frame creates the function table 201a using the 

25 terminal address and SSID contained in this frame. 

In this case, when the digital camera 104 has 
received the beacon -information request frame for 
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requesting transmission of at least tlie SSID and 
communication mode, at step 601 in Fig. 6 the camera 
transmits the beacon -information response frame, which 
contains at least the SSID and communication mode, to 
5 the terminal that was the sotirce of transmission of 
the beacon -information request frame. 
[Second Embodiment] 
Reference will now be had to the flowchart of Fig. 
8 to describe another example of operation of printer 
10 103 equipped with a communication function according 
to the present invention. The procedtire of Fig. 8 is 
executed by the printer 103 in this embodiment instead 
of the procedure of Fig. 4 according to the first 
embodiment. In the flowchart shown in Fig. 8, steps 
15 identical with those of the embodiment shown in Fig. 4 
are designated by like step numbers. 
<Printer Operation> 

The printer 103 with the communication function 
according to this embodiment usually operates in the 

20 infrastructure print mode. In the infrastructure 
print mode, the printer 103 performs printing in a 
case where data, which has been transmitted from the 
personal computer 102 or from a terminal connected to 
the wired network 105 in Fig. 1, is received via the 

25 access point 101. Further, the printer 103 conducts a 
search for a beacon at a prescribed period. In the 
beacon search, all beacons are searched regardless of 
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whether a beacon ±s a beacon of the inf rastxnoture 
mode or a beacon of the ad-hoc mode on at least one 
channel. If ±t finds a beacon, the printer 103 stores 
a table in the memory 201. The table contains at 
5 least an SSID, communication mode and function -search 
result, described later, in the form of a set. 

If the processing of Fig. 8 is launched upon 
elapse of the prescribed period, a beacon scan is 
performed at step 401. Since the processing up to 

10 step 405 is the same as that in Fig. 4, this 
processing need not be described again. 

If the function search ends and it is confirmed 
that the connected terminal has the desired function 
at step 405, the printer 103 waits to be selected by 

15 the connected terminal at step 806. The selection is 
performed by sending and receiving a print request 
frame from the digital camera 104, by way of example. 
If the printer 103 has been selected, i.e., if it has 
received a print request frame, control proceeds to 

20 step 406, at which the printer executes processing 
such as the receiving and printing of data. 
Processing from step 406 onward is the same at that of 
Fig. 4. Further, in a case where the printer 103 is 
not selected by a terminal to serve as a communication 

25 partner, e.g., in a case where a fixed period of time 
passes without a print request frame being received. 
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the printer terminates processing and returns to the 
infrastructure mode. 

<Operation of Digital Camera> 

Fig. 7 is a flowchart illustrating an example of 
5 operation of the digital camera 104 equipped with a 
coiranunication function according to the present 
invention. The procedure of Fig. 7 is executed by the 
digital camera 104 in this embodiment instead of the 
procedure of Fig. 6 according to the first embodiment. 

10 In the flowchart shown in Fig. 1 , steps identical with 
those of the embodiment shown in Fig. 6 are designated 
by like step numbers. 

In Fig. 7, the digital camera 104 starts 
communicating in the ad-hoc mode and transmits a 

15 beacon frame at step 601 when the user enters a print - 
start command. In the flowchart shown in Fig. 7, 
steps 601 to 604 are identical with those of Fig. 6 
and therefore need not be described again. 

If the result of the function search at step 603 

20 is the discovery of printers having the desired 

function, control proceeds to step 704. Here the 
digital camera 104 determines whether the function 
search has ended. This determination is based upon 
whether the number of successes in the search has 

25 attained a prescribed number or whether a prescribed 
period of time has elapsed. If it is determined that 
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the function search has ended, control proceeds to 
step 705. 

At step 705, the digital camera 104 displays 
information, which is indicative of the discovered 
5 printers having the desired function, on the user 

interface 303 in a form recognizable by the user, e.g., 
in the form of the printer names. The user selects 
the desired printer from the displayed printers using 
the user interface 303. After the digital camera 104 

10 transmits a printer selection signal to the selected 
printer, as by transmitting a print request frame to 
the selected printer, the digital camera 104 executes 
print processing from step 604 onweird. This 
processing is similar to the processing of Fig. 6 and 

15 need not be described again. 

By thus interposing selection of a printer from 
the digital ceimera, the operator of the digital camera 
can be given some leeway in intervening at the time 
printing starts. As a result, in addition to the 

20 effects of the first embodiment, other effect is that 
the operator is capable whenever necessary of 
performing such operations as exchange of paper, 
replenishment of toner and selection of the image to 
be printed. This provides better operability. 

25 It should be noted that a storage device that 

stores image data but does not possess a picture 
taking function or a digital movie camera that has a 
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Still-picture tciking function may be provided with the 
communication function of the digital camera 104. 
Functions common to these devices are the wireless 
communication function and function for storing image 
5 data according to the first or second embodiment. 
<Other Embodiments > 

Note that the present invention can be applied to 
an apparatus comprising a single device or to system 
constituted by a plurality of devices. 

10 Furthermore, the invSantion can be implemented by 

supplying a software program, which implements the 
functions of the foregoing embodiments, directly or 
indirectly to a system or apparatus, reading the 
supplied program code with a computer of the system or 

15 apparatus, and then executing the program code. In 

this case, so long as the system or apparatus, has the 
functions of the program, the mode of implementation 
need not rely upon a program. 

Accordingly, since the functions of the present 

20 invention are implemented by computer, the program 

code itself installed in the computer also implements 
the present invention. In other words, the claims of 
the present invention also cover a computer program 
for the purpose of implementing the functions of the 

25 present invention. 

In this case, so long as the system or apparatus 
has the functions of the program, the program may be 
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executed in any form, e.g., as object code, a program 
executed by an interpreter, or scrip data supplied to 
an operating system. 

Example of storage media that can be used for 
5 supplying the program are a. floppy disk, a hard disk, 
an optical disk, a magneto- optical disk, a CD-ROM, a 
CD-R, a CD-RW, a magnetic tape, a non- volatile type 
memory card, a ROM, and a DVD (DVD-ROM and a DVD-R). 
As for the method of supplying the program, a 

10 client computer can be connected to a website on the 
Internet using a browser of the client computer, and 
the computer program of the present invention or an 
automatically- installable compressed file of the 
program can be downloaded to a recording medium such 

15 as a hard disk. Further, the program of the present 

invention can be supplied by dividing the program code 

i 

constituting the program into a plurality of files and 
downloading the files from different websites. In 
other words, a WWW (World Wide Web) server that 
20 downloads, to multiple users, the program files that 
implement the functions of the present invention by 
computer is also covered by the claims of the present 
invention. 

Further, it is also possible to encrypt and store 
25 the program of the present invention on a storage 

medium such as a CD-ROM, distribute the storage medium 
to users, allow users who meet certain requirements to 
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download decryption key information from a website via 
the Internet, and allow these users to decrypt the 
encrypted program by using the key information, 
whereby the program is installed in the user computer. 
5 Furthermore, besides the case where the aforesaid 

functions according to the embodiments are implemented 
by executing the read program by computer, an 
operating system or the like running on the computer 
may perform all or a part of the actual processing so 

10 that the functions of the foregoing embodiments can be 
implemented by this processing. 

Furthermore, after the program read from the 
storage medium is written to a function expansion 
board inserted into the computer or to a memory 

15 provided in a function expansion unit connected to the 
computer, a CPU or the like mounted on the function 
expansion board or function expansion unit performs 
all or a part of the actual processing so that the 
functions of the foregoing embodiments can be 

20 implemented by this processing. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 

25 specific embodiments thereof except as defined in the 
appended claims • 
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This application claims priority from Japanese 
Patent Application No. 2004-119259 filed on April 14, 
2004, which is hereby incorporated, by reference herein. 
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CLAIMS 

1. A communication control method for controlling 
communication between wireless communication 
apparatuses that are capable of communicating 
5 wirelessly in a first coiranunioation mode in which 
coiranunicatlon is performed via a base station and a 
second communication mode in which communication is 
performed with a wireless communication apparatus 
directly, said method comprising: 

10 a connecting step of connecting a first wireless 

communication apparatus to a second wireless 
communication apparatus if, during communication by 
the first wireless communication apparatus in the 
first communication mode, the first wireless 

15 communication apparatus receives a search signal from 
the second wireless communication apparatus giving 
notification of the existence of the second wireless 
communication apparatus; 

a determining step of determining, by the second 

20 wireless communication apparatus, whether the first 
wireless communication apparatus possesses a desired 
function; and 

a data transmitting step of transmitting data 
from the second wireless communication apparatus to 

25 the first wireless communication apparatus in the 
second communication mode based upon result of the 
determination performed at said determining step. 
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2. A wireless communication apparatus capable of 
communicating with a wireless communication apparatus 
in a first communication mode in whicli communication 
is performed via a base station and a second 

5 communication mode in which communication is performed 
with the wireless communication apparatus directly, 
said apparatus comprising: 

receiving means for receiving a signal from 
another wireless communication apparatus giving 
10 notification of the existence of said other wireless 
communication apparatus, during communication in the 
first communication mode; 

connecting means for making a connection to said 
other wireless communication apparatus based upon 
15 information contained in the signal received by said 
receiving means; and 

data receiving means for receiving data, which is 
transmitted in the second communication mode, in . 
accordance with result of a function determination 
20 performed between this apparatus and said other 
wireless communication apparatus. 

3. The apparatus according to claim 2, further 
comprising printing means for printing an image based 
upon data that has been received by said data 

25 receiving means. 

4. The apparatus according to claim 2, wherein said 
connecting means makes a. connection to said other 
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wireless communication apparatus In the second 
communication mode. 

5. The apparatus according to claim 4, wherein said 
connecting means suspends communication in the first 

5 communication mode and meJces a connection to said 

other wireless communication apparatus in the second 
communication mode. 

6. The apparatus according to claim 2, wherein said 
connecting means makes a connection to said other 

10 wireless communication apparatus based upon a network 
identifier contained in the signal received by said 
receiving means. 

7. A wireless communication apparatus capable of 
wlrelessly communicating with a wireless communication 

15 apparatus directly, comprising: 

transmitting means for transmitting a signal, 
which gives notification of existence of this 
apparatus, to another wireless communication 
apparatus ; 

20 determining means for executing processing, which 

is for determining a function that is executable with 
said other wireless communication apparatus, if a 
connection to said other wireless communication 
apparatus has been made in response to the signal; and 

25 data transmitting means for transmitting data to 

said other wireless communication apparatus in 
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accordance witli the determination made by said 
determination means. 

8, Ttie apparatus according to claim 7, further 
comprising picture taking means for taking a picture 
5 optically as image data; 

wherein said data transmitting means transmits 
the image data obtained by picture taking by said 
picture taking means. 

10 9. The apparatus , according to claim 7, further 
comprising display means for displaying another 
wireless communication apparatus, which has been 
determined to possess a desired function^ in 
accordance with the determination made by said 

15 determination means; 

wherein a direct connection is made to a wireless 
communication apparatus, which has been selected by a 
user, based upon the display presented by said display 
means, and data is transmitted by said data 

20 transmitting means. 
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